The so far unexplored H. Orientalis cv. Olympicus exhibits a unique pattern of flower senescence, involving regreening of creamy white petaloid sepals at the later stages. The greenish sepals become photosynthetically competent immediately after pollination and persist until the seeds are set. After the seed set, the entire (green) flower abscises from the plant. Flower development of Helleborus orientalis cv. Olympicus growing in the open was divided into six stages (I-VI) from tight bud stage to the senescent stage. The average life span of an individual flower after it is fully open is about 6 days. Membrane permeability of sepal tissues estimated as electrical conductivity of leachates increased during senescence. The content of sugars and soluble proteins in the sepal tissues increased during flower opening and declined thereafter during senescence. The protease activity increased as the flower progressed towards senescence. From the present study, it becomes evident that decline in the sugar status and elevation in specific protease activity leading to degradation of proteins are the important factors regulating development and senescence in H. orientalis flowers. Although the tissue content of soluble proteins registered an overall quantitative decrease but SDS-PAGE of protein extract from sepal tissues suggested a decrease in the expression of high molecular weight proteins and an increase in low molecular weight proteins during flower development and senescence. At this stage it is not known whether the polypeptides that increased during senescence play an important role in the senescence of Helleborus orientalis flowers. The increase in these polypeptides during flower senescence is of particular interest because they may be linked to flower longevity. Understanding the nature of these proteins can provide new insights into the pathways that execute senescence and the post-transcriptional regulation of senescence in this flower system.
Introduction
Petal senescence has been shown to be genetically programmed and involves degradation of proteins, lipids, carbohydrates and nucleic acids (Rubinstein 2000; Eason et al. 2002; Wagstaff et al. 2002; van Doorn 2004; Hoeberichts et al. 2005; Zhou et al. 2005; Eason 2006; Price et al. 2008; van Doorn and Woltering 2008; Shibuya et al. 2009 ). Flower petals are ideal tissues for cell death studies as they are short lived, the tissue is relatively homogenous and chemical manipulation can be applied without substantial wounding. Petal senescence has been found to be accompanied by an increase in the activity of catabolic enzymes, ion leakage and nuclear fragmentation. This is all directed towards mobilization of nutrients from petals to other parts of the plant such as developing ovary (Halevy and Mayak 1979; Xu and Hanson 2000; Yamada et al. 2001; van der Kop et al. 2003; Woltering et al. 2005; Zhou et al. 2005; Rogers 2006; van Doorn and Woltering 2008 ). The cut stems of H. orientalis have deeply serrated long lasting leathery foliage and creamy white saucer shaped flowers (Perry and Perry 2000) . The flowers of Helleborus orientalis cv. Olympicus (Lenten rose) are characterized by a showy creamy white perianth, whose usually five elements are mostly classified as sepals (Damboldt and Zimmerman 1965) . The sepals are enlarged to look like petals and the whorl of petals modified into a whorl of 10-12 nectaries. A multitude of stamens with golden yellow anthers and 3 to 5 green carpels or pistils are present at the centre (Fig. 1) . Their flowering season from winter through to spring brings shape and interest when gardens are otherwise bare, and their subtle colors light up gloomy corners and borders. They also make superb cut flowers, seeming subtle but on closer inspection intricately marked and remarkably beautiful. It is in this perspective; the present investigation has been undertaken on so far unexplored Helleborus orientalis cv. Olympicus to understand the changes occurring during flower development and senescence with the ultimate aim to improve the postharvest performance of this flower.
Materials and methods

Plant material
Flowers of Helleborus orientalis growing in the University Botanic Garden were used. Flower development and senescence was divided into six stages on the basis of distinct morphological features (Table 1, Floral diameter, fresh mass, dry mass and membrane permeability Diameter, fresh and dry mass of flowers as well as individual sepals was determined at each stage. Dry mass was determined by drying the material in an oven at 70°C for 48 h. Water content was determined as the difference between fresh and dry mass. Changes in membrane permeability were estimated by measuring the electrical conductivity (μS) of leachates of 5 sepal discs per flower (5 mm in diameter) punched from outer regions of sepals of five different flowers incubated in 15 ml glass distilled water for 15 h at 20°C.
Estimation of sugars, amino acids and phenols
At each stage 1 g chopped material of the sepal tissue was fixed in hot 80 % ethanol. The material was macerated and centrifuged three times. The supernatants were pooled and used for the measurement of the amount of sugars, amino acids and total phenols. Reducing sugars were determined by the method of Nelson (1944) using glucose as the standard. Total soluble sugars were estimated after enzymatic conversion of non-reducing sugars into reducing sugars with invertase (BDH). Non-reducing sugars were calculated as the difference between total and reducing sugars. α-amino acids were estimated by the method of Rosen (1957) using glycine as the standard. Total phenols were estimated by the method of Swain and Hillis (1959) using gallic acid as the standard.
Estimation of protein levels and protease activity
Proteins were extracted from 1 g of sepal tissue drawn separately from different flowers. The tissue was homogenized in 5 ml of 5 % sodium sulphite (w/v) adding 0.1 g of polyvinylpyrrolidone (PVP) and centrifuged. Proteins were precipitated from a suitable volume of the cleared supernatant with equal volume of 20 % trichloroacetic acid (TCA), centrifuged at 1,000× g for 15 min and the pellet redissolved in 0.1 N NaOH. Proteins were estimated from a suitable aliquot by the method of Lowry et al. (1951) using Bovine serum albumin (BSA) as the standard. At each stage 1 g pre-chilled sepal tissue was homogenized in 15 ml chilled 0.1 M phosphate buffer (pH 6.5) in a pre-cooled glass pestle and mortar. The contents were squeezed through four layers of muslin cloth and centrifuged for 15 min at 5,000× g in a (Remi K-24) refrigerated centrifuge at −5°C. The supernatant was used for the assay of protease activity by the method of Tayyab and Qamar (1992) , with modification. The reaction mixture comprised 1 ml of 0.1 % BSA dissolved in 0.1 M phosphate buffer (pH 6.5). The reaction was stopped by adding 2 ml of 20 % cold TCA. Blanks in which TCA was added prior to the addition of the enzyme extract were run along with each sample. The contents were centrifuged and supernatants collected. Free amino acids were estimated (as tyrosine equivalents) in a suitable aliquot of the supernatant by the method of Lowry et al. (1951) using tyrosine as the standard. The specific enzyme activity has been expressed as μg tyrosine equivalents liberated per mg protein in the tissue extract.
SDS-PAGE
At each stage 1 g sepal tissue was homogenized in 1 ml of extraction buffer (0.1 M pH 7.2) and 100 mg PVP. The mixture was centrifuged at 5,000× g at −5°C in a refrigerated centrifuge (Remi K-24) for 15 min. The supernatant was collected and used for SDS-PAGE. The extracted protein mixture was denatured by mixing equal volumes of protein mixture and 2X sample loading buffer (0.5 M Tris pH 6.8, 10 % SDS, 10 % glycerol, 5 % β-mercaptoethanol, 0.1 % bromophenol blue). The mixture was incubated in boiling water for 5 min. The concentration of the protein was determined in both the original extracts and the TCA precipitated samples by the method of Lowry et al. (1951) using BSA as the standard.
One dimensional vertical gel electrophoresis was carried out according to the method as described by Ausubel et al. (1989) . Slab gels 0.7 mm thick containing 12 % gel {(Acrylamide+ bisacrylamide), (1.5 M Tris pH 8.8), 10 % SDS, TEMED and 10 % Ammonium persulphate (APX)}. 80 μl of the SDSdenatured protein extract was loaded into each lane. Electrophoresis was carried out at room temperature with a constant voltage of 50 V during stacking and 150 V during running. GENEI molecular weight standards were used for determining approximate molecular weights (Myosin, Rabbit muscle 205,000; phosphorylase b 97,400; Bovine serum albumin 66,000; Ovalbumin 43,000; Carbonic anhydrase 29,000; Aprotinin 6,500; Insulin (α and β chains) 3,000). Following electrophoresis the gels were stained overnight in 0.25 % Coomassie brilliant blue in 45 % methanol: 10 % acetic acid. Gels were destained in 45 % methanol: 10 % acetic acid, then in 7 % methanol: 5 % acetic acid.
Statistical analysis
Each value represented in the tables corresponds to the mean±S.E of five to ten independent replicates.
Results
The greenish buds of Helleborus orientalis open into creamy-white flowers. Initially young pistils remain hidden and surrounded by a cluster of stamens upto stage III of flower development but as the flowers open, the pistils elongate and register an increase in their dimensions pushing away the surrounding anthers leading to their abscission. The creamy white sepals later on turn greenish during senescence (Fig. 2a) . The average life span (time for a fully open flower to lose all its stamens and for the sepals to be green i.e. time from stage IV to stage VI) of an individual flower is about 6 days. Flower senescence is characterized by abscission of stamens layer by layer, followed by browning and abscission of nectaries. The sepals harden and turn greenish on senescence. The pistil dimensions increase as other floral organs undergo senescence, and develop into fruits (follicle). The greenish sepals persist as long as the seeds are set and after that they disintegrate and finally the entire flower abscises from the plant. Flower diameter increased as the flower development progressed up to stage IV and thereafter remained more or less constant, whereas fresh mass, dry mass and water content of flowers and also of individual sepals increased with flower development up to stage IV to V and declined thereafter (Fig. 3a, b and c) . Membrane permeability estimated as conductivity of leachates (μS) from sepal discs generally remained constant during flower opening up to stage IV and increased thereafter as the flower progressed towards senescence (Fig. 3c) .Throughout flower development and senescence the fresh and dry mass of pistil increased, however the increment of increase was pronounced during stages IV to VI (Fig. 2b) besides there was a pronounced increase in the water content of the pistil as the flower progressed from stage III to IV (Fig. 3d) .The tissue content of reducing and non-reducing sugars increased through stages from I to IV and declined quickly thereafter during senescence (stages V and VI). The concentration of non-reducing sugars was much lower compared to that of reducing sugars, at each of the stages (Fig. 3e) . The concentration of soluble proteins was more or less similar during stages I to III, had increased at stage IV and declined thereafter during senescence. An increase in the concentration of soluble proteins occurred during stage III to IV (Fig. 3f) . The specific protease activity increased during the stages I to III, decreased at stage IV and then sharply increased as the senescence progressed through the stages V and VI (Fig. 3f) . The α-amino acid content showed a slight increase during stages I to III and declined thereafter (Fig. 3g) . The concentration of total phenols increased during the stages I to III, decreased during flower opening (Stage IV) and increased thereafter as senescence progressed through the stages V and VI (Fig. 3g) . The SDS-PAGE of sepal proteins at various stages of flower development and senescence showed that the levels of most of the polypeptides were maintained up to full flower opening (Stages I to IV) and decreased during senescence, Stages V and VI (Fig. 3) . The decrease was particularly observed in case of polypeptides with higher molecular weight (50-100 kDa). Polypeptides with a molecular weight of 29.5 and 15.8 kDa showed an increase as the flower development progressed through opening and senescence. A pronounced increase was particularly observed during opening and senescence in the polypeptide having a molecular mass of approx. 15.8 kDa (Fig. 4) .
Discussion
The results of our study suggests that flower senescence in Helleborus orientalis begins soon after anthesis and is marked by 1) the abscission of stamens and nectaries 2) change in color of sepals from creamy white to green and 3) an increase in the dimension of the pistils. The layer by layer abscission of stamens is due to the forces exerted by the developing pistils on them. During the present investigation it was observed that creamy white sepals turn greenish, the flowers become saucer shaped and the peduncle also elongates with the sharp increase in dimensions of pistils. In Helleborus niger¸it has been shown that the removal of the pistils at the bud stage prevents (a) the development of functional chloroplasts in the perianth, (b) flower opening and (c) elongation of the peduncle (floral stem) suggesting that these morphological changes are to be triggered and/or maintained by signals originating in the pistil (Salopek-Sondi et al. 2002) . The shape of flowers (Saucer shape) as well as elongation of peduncle has physiological significance for the developing pistils. The saucer shaped flowers with photosynthetically competent sepals behaves just like an antennae to trap maximum solar radiations so as to carry out photosynthesis for the developing fruits. The sepals remain photosynthetically active as long as the fruits develop and the seeds are set. It is suggestive of the fact that the sepals photosynthesize and translocate the manufactured organic materials to the developing fruits i.e. the developing pistil becomes a strong sink during senescence. It is supported by the observation that the fresh and dry mass of individual sepals decrease during senescence despite being photosynthetic while that of the pistils register a sharp increase as the development progressed through stages V and VI.
The fresh and dry mass, water content and soluble carbohydrates of flowers as well as individual sepals showed an increase in the sepal tissues during the process of floral development from bud to fully open bloom after which a declining trend was found during senescence. The decrease in fresh and dry mass of flowers was found to be partly due to abscission of stamens and nectaries and in part due to decrease in fresh and dry mass of individual sepals. It has been shown that flowers (sepal/petal tissues) switch from being a sink to a source during senescence and the changes such as decline of fresh mass, dry mass and soluble carbohydrates are often linked to PCD (Zhou et al. 2005) . Flower maturation and senescence has been found to be accompanied by a decline in total soluble carbohydrate content in various flowers such as carnations, Hemerocallis, Iris and rose (Nichols 1973; Paulin and Jamain 1982; Lukaszewski and Reid 1989; Lay-yee et al. 1992; Beileski 1993; Mwangi et al. 2003; Gulzar et al. 2005; Reid 2005 ). It has been suggested that sugar metabolism is active in senescent cells as many carbon skeletons that are remobilized from macromolecules are transported out of the petal, mainly as sucrose (van Doorn and Woltering 2008) . The sepal senescence of Helleborus orientalis exhibited two stages of ion leakage. A dramatic increase in ion leakage was observed as the senescence progressed to stages V and VI. A consistent feature of senescence is the loss of differential permeability of cell membranes leading to the loss of ionic gradients and pumps. Membrane permeability has been shown to increase with age in various flowers such as rose, Hemerocallis, carnations, Iris and Petunia. (Borochov and Woodson 1989; Stead and van Doorn 1994; Celikel and van Doorn 1995; van Doorn 2004; Gulzar et al. 2005) . It has been suggested that leakage may rather be an indicator of cell death and its increase is a measure of dead cells (van Doorn and Woltering 2008) . We observed that there was a loss of proteins when the flower senesced. The amino acid content also decreased during the final stage of senescence. It has been shown in some flowers e.g. Hemerocallis that after the flower opens it abruptly changes from sink to source for transporting breakdown products of proteins (Beileski 1995 ). An overall decrease in cell protein levels has been reported in various ethylene sensitive and insensitive flower senescence van Doorn and Woltering 2008 ). An apparent decrease in the amino acid content during final stages of senescence as observed by us may be due to rapid export of amino acids to the developing pistil.
During the current study it was observed that there was a pronounced increase in the protease activity as the flowers progressed towards senescence. The activity was commensurate with a drastic decrease in soluble proteins. The expression of transcripts encoding proteases is one of the earliest senescence-related gene changes (Eason et al. 2002) . A marked increase in the protease activity during petal senescence has also been reported in flowers such as Hemerocallis, Iris and Petunia (Stephenson and Rubinstein 1998; Pak and van Doorn 2005; Jones et al. 2005 ). The present study suggests that although total protein levels may decline quickly after flower opening, SDS-PAGE revealed a decrease in higher molecular weight proteins while the content of low molecular weight proteins increased. This corroborates the similar finding on flowers such as Hibiscus and Hemerocallis (Woodson and Handa 1987; Courtney et al. 1994) . At this stage we do not know whether the polypeptides that increased during senescence having a molecular weight of approx. 15.8 and 29.5 kDa play an important role in the senescence of Helleborus orientalis flowers. Fig. 4 12 % SDS-PAGE of equal amounts of extractable protein at various stages (I to VI) of flower development and senescence from sepal tissues of Helleborus orientalis. The gel was stained with coomassie blue. Numbers above the lanes correspond to developmental stages. Molecular weight standards are indicated on the left (kDa) and ca molecular weights of major polypeptides to the right of the gel (kDa)
